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THREE-DIMENSIONAL JOINT STRUCTURE 

The present invention relates to a three-dimensional 
joint structure, formed by two hollow profiles, of a 
support frame for vehicles, and a method for its 
manufacture . 

Joint structures- for vehicle support frames are known in 
different embodiments. A three-dimensional joint, 
structure having a connecting part for connecting 
elements of a vehicle support frame is described in EP 
0568 213 Bl . The connecting part comprises a preferably 
extruded U-profile having two side plates and a web plate 
which connects the side plates, in which a support 
element is laid and bonded thereto through gluing. 
Essentially cuboid attachment parts are attached to the 
outsides of one side plate and the web plate, on whose 
faces further support elements may be placed and glued to 
the connecting part, so that as a result the support 
elements may be joined into a stable joint structure 
having a compact construction. However, this construction 
has the disadvantage that it requires a further component 
in the form of the connecting part to connect the support 
elements, which leads to an undesired increase of the 
total weight of the support frame. 


A support frame for vehicles which comprises multiple 
assemblies based on hollow profiles is described in EP 0 
568 251 Bl. The hollow profiles are joined to one another 
via joint structures of different types in straight or 
angled positions, preferably perpendicular positions. The 
connection of profiles positioned perpendicularly to one 
another, such as the join between the B-column and side 


sillboard, is implemented via a T-shaped joint structure. 
According to one embodiment of such a T-joint, a first 
hollow profile having a rectangular cross-section has two 
sections, each bent over by 90° and aligned with one 
another, having a C-shaped cross- section at one end, on 
which a second profile may be laid and welded thereto. 
The three-dimensional frame structure is implemented 
using two-dimensionally produced joint structures. A 
three-dimensional joint structure, i.e., the mutual 
connection of hollow profiles extending in three spatial 
directions at one point, is not provided in this case. 

A joint structure similar to the above-mentioned 
embodiment of a T-joint is known from DE 37 26 579 Al . In 
this publication, a door frame construction for utility 
vehicles, particularly buses, is described. The central 
component of this construction is a T-joint structure for 
joining two hollow profiles perpendicularly to one 
another as components of the door frame. In this case, 
one of the hollow profiles is cut out lengthwise on 
diametrically opposing lateral surfaces on its end facing 
toward the other profile in such a way that two U-shaped 
attachment parts result, which may be deformed to a 
desired transition contour and laid on the profile to be 
attached. Since the door frame is a purely two- 
dimensional construction, no three-dimensional joint 
structures are implemented in this case either. 

Furthermore, in an application known from practice, 
hollow profiles bent through hydroforming technology, 
which have a favorable weight because of the lack of weld 
flanges, are used to produce a three-dimensional joint 
structure. However, it has been shown to be problematic 


in this case that it is not possible to go below a 
minimum bending radius, so that use in vehicle body 
regions having tight construction space often does not 
come into consideration and, in addition, existing weight 
savings potential remains unused. 

Finally, a three-dimensional joint structure comprising 
two hollow profiles, particularly having a square cross - 
section, is described in US 1,972,309. To manufacture 
this joint structure, the first hollow profile is cut out 
over a specific length except for one remaining side and 
this side is bent around one of the lengthwise edges of a 
second hollow profile of identical cross-section 
positioned perpendicularly to the first hollow profile. 
The length of the cutout corresponds in this case to 
twice the edge distance of the hollow profiles, so that 
the bent side and the ends of the first profile adjoining 
the cutout completely enclose the four sides of the 
second hollow profile and press against them in a form- 
fitting way at the same time. According to an alternative 
design, the first hollow profile is notched along its 
four edges over the length cited and cut. through 
centrally around its circumference on three sides in 
relation to this lengthwise cut. The regions notched on 
three sides resulting on these sides are bent 
perpendicularly outward and subsequently the side of the 
first hollow profile which is not cut through is bent 
around one lengthwise edge of the second hollow profile 
in the way described above, the regions bent outward 
pressing against two of the four sides of the second 
hollow profile as flanges. 


A joint structure constructed in this way provides a high 
degree of rigidity, but is not variable in regard to the 
usable profile cross-sections. The length of the cutout 
and/or the notch of the lengthwise edges must be tailored 
precisely to the cross- sectional dimensions of the second 
hollow profile, in order to fulfill the requirement of a 
form fit, which is necessary for sufficient stability. 

The present invention is thus based on the object of 
providing a joint structure of the type cited at the 
beginning, which is distinguished by a compact 
construction and a low weight with high rigidity. 

This object is achieved by a three-dimensional joint 
structure formed by two hollow profiles, in which the 
first hollow profile has at least one planar side and is 
cut through around its circumference in one single plane 
except for a web lying in the planar side and is bent 
around this web, and the second hollow profile has at 
least two directly neighboring planar sides, which press 
against the ends of the first hollow profile facing 
toward one another resulting through the cutting and 
bending, the two hollow profiles being integrally joined 
to one another at the edge regions of the first hollow 
profile . 

A special advantage of the present invention is that by 
cutting through the first hollow profile with a 
subsequent bending operation, an extremely small bending 
radius may be achieved in comparison to conventional 
joint structures manufactured using hydrof orming, which 
allows a very compact and thus weight -optimized 
construction of the joint structure. Simultaneously, very 


high rigidity is achieved, since the lateral walls of the 
second hollow profile pressing against the ends of the 
first hollow profile reinforce the joint structure as 
bulkhead plates of the first hollow profile. The use of 
additional reinforcing components in the form of support 
plates or other things is therefore no longer necessary, 
which leads to a weight -favorable construction. 

In one embodiment of the present invention, the contours 
of the two hollow profiles press against one another 
without gaps. Improved distribution of the forces acting 
on the entire support frame in case of a crash thus 
results, through which the danger of individual elements 
of the support frame collapsing is reduced. In 
particular, the occurrence of punctual load peaks is 
avoided, since the hollow profiles press against one 
another in a form- fitting way. Since such three- 
dimensional joint structures are used especially in the 
region of the passenger cell, increased protection for 
the vehicle occupants thus results in case of a crash. 

According to a further embodiment of the present 
invention, the ends of the first hollow profile facing 
toward one another have projecting edge regions which 
press against the second hollow profile. These form 
easily usable attachment zones for joining the two hollow 
profiles through welding, soldering, or another joining 
method. 

If the joint structure is used in heavily loaded regions 
of the vehicle support frame, it is expedient for 
quadrilateral cutouts curved corresponding to the edge 
radius, which extend over the entire edge radius, to be 


cut out symmetrically to the separating cut along the 
separating cut in the region of the edges of the first 
hollow profile. A notching effect in the corners of the 
ends of the first hollow profile facing toward one 
another caused by a load is thus largely avoided. In this 
context, it has been shown to be especially advantageous 
if the cut-out cutouts have rounded corners. If the joint 
structure is used in less loaded regions of the vehicle 
support frame, this embodiment may be dispensed with for 
more cost-effective manufacture. 

Furthermore, the object specified above is achieved by a 
method for manufacturing the joint structure according to 
the present invention having the following steps: 

a) cutting through a first hollow profile, having at 
least one planar side, around its circumference in 
one single plane except for a web lying in the 
planar side, 

b) bending the first, partially cut -through hollow 
profile around the web lying in the planar side, 

c) placing the two planar sides of a second hollow 
profile, which has two directly neighboring planar 
sides, on the ends of the first hollow profile 
facing toward one another, which result through the 
cutting and bending, and 

d) integrally joining the second hollow profile to the 
first hollow profile at these edge regions. 

Through the bending of the first hollow profile, the 
geometry of the three-dimensional joint structure may be 
tailored to the spatial requirements of the user without 
excess outlay for manufacturing technology. In this case, 


the angle between the two planar sides of the second 
hollow profile must correspond to the bending angle in 
order to allow the two hollow profiles to press against 
one another without a gap as much as possible. 

According to a further embodiment of the method, before 
the cutting, the first hollow profile is deformed around 
its circumference except for a web lying in the planar 
side and the separating cut is laid centrally through the 
deformation. Projecting edge regions may thus be produced 
on the ends of the first hollow profile facing toward one 
another with the aid of the cutting procedure, which 
press flat against the planar sides of the second profile 
and provide favorable geometric relationships for the 
integral joining of the two hollow profiles and thus also 
in regard to their carrying capacity. The deformation is 
preferably introduced into the first hollow profile by 
hydrof orming . 

According to a further advantageous embodiment of the 
method, the first hollow profile is cut by laser beam 
cutting. This allows precisely cut edges, through which 
the integral joining of the hollow profiles is also made 
easier . 

The hollow profiles may be joined by welding or 
soldering, the use of laser beams for welding or 
soldering again having been shown to be especially 
advantageous . 

In the following, the present invention will be explained 
on the basis of a drawing illustrating an exemplary 
embodiment . 


Figure 1 shows a three-dimensional joint structure of a 
support frame for motor vehicles made of hollow 
profiles in a perspective view, 

Figure 2 shows a joint structure of Figure 1 in a top 
view from the viewpoint of the arrow A in 
Figure 1 , 

Figure 3 shows the joint structure of Figure 1, with the 
weld seams left out, from the viewpoint of the 
arrow A in Figure 1, 

Figure 4 shows the joint structure of Figure 1 in the 
cross-section along line B-B of Figure 2, 

Figures 5a- e show the method steps for manufacturing 
the joint structure of Figure 1. 

The three-dimensional joint structure illustrated in 
Figure 1 comprises two hollow profiles 1, 2, which 
together form the shape of a tripod and are integrally- 
joined to one another. The first hollow profile 1, which 
has an essentially square cross-section, is cut through 
around its circumference except for a web lc and bent 
around the web lc, so that two ends la, lb of the hollow 
profile 1 facing toward one another result. The second 
hollow profile 2 has a cross-section in the form of an 
equilateral triangle and its leg sides 2a, 2b press 
against the ends la, lb of the first hollow profile 1. In 
this case, the angle between the leg sides 2a, 2b 
corresponds to the bending angle, so that the leg sides 
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2a, 2b press against the faces of the ends la, lb of the 
hollow profile 1 without a gap as much as possible. 

The two ends la, lb of the hollow profile 1 have bent- 
over edge regions Id, le, If along their separating cut, 
which press against the leg sides 2a, 2b of the hollow 
profile 2. The front end of the hollow profile 2 
terminates almost flush with the bent -over edge region Id 
of the ends la, lb, from which the cited shape of a 
tripod results. An extension beyond the hollow profile 1 
is conceivable, however. The two ends la, lb of the 
hollow profile 1 are joined at their bent -over edge 
regions Id, le, If to the leg sides of the second profile 
via weld seams 3a, 3b, 3c. The shared edge 2c of the leg 
sides 2a, 2b of the hollow profile 2 is connected to the 
web lc of the hollow profile 1 via a weld seam 3d. 

Figures 2 and 3 show the joint structure in a top view, 
the weld seams not being illustrated in Figures 2 for 
reasons of clarity. 

The individual method steps for manufacturing the joint 
structure are illustrated in Figures 5a-e. As shown in 
Figure 5a, first a deformation lx is introduced into 
three sides of the hollow profile 1 around its 
circumference using hydrof orming . The hollow profile 1 is 
then cut along the middle of the deformation lx, 
preferably through laser beam cutting, except for a web 
lc in the non-deformed fourth side (Figure 5b) . In this 
case, the cutting tool is guided in such a way that in 
the region of the edges of the hollow profile (1) , 
quadrilateral cutouts (lg) curved corresponding to the 
edge radius, which extend over the entire edge radius, 
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are cut out symmetrically to the separating cut. Edge 
regions Id, le, If projecting along the separating cut 
are thus produced. Subsequently, the hollow profile 1 is 
bent around the web lc by the bending angle a (Figure 5 
c) . In a next step, the leg sides 2a, 2b of the hollow 
profile 2, whose enclosed angle corresponds to the 
bending angle a, are placed on the ends la, lb of the 
hollow profile 1 (Figure 5 d) , so that the projecting 
edge regions Id, le, If all press against the leg sides 
2a, 2b. In a final step shown in Figure 5e, the ends la, 
lb of the hollow profile 1 are welded to the leg sides 
2a, 2b of the hollow profile 2 at the projecting edge 
regions Id, le, If. In addition, the web lc is welded to 
the shared edge 2c of the leg sides 2a, 2b. 


